Introduction
Nonalcoholic fatty liver disease (NAFLD) is actually considered the main cause of chronic liver disease. The term NAFLD encompasses the entire spectrum of liver damage ranging from simple fat accumulation in the liver (steatosis), to nonalcoholic steatohepatitis (NASH), characterized by steatosis together with inflammation and ballooning, and possible onset of fibrosis to cirrhosis and liver cancer.
The high prevalence of NAFLD is becoming a social and health challenge. In Europe it is estimated to have a prevalence of 40 % in general population, but a similar figure has also been reported in the US and Asia [1, 2] .
It is reported that nearly 90 % of NAFLD patients have one or more cardio-metabolic risk factors (hyperglycemia, dyslipidemia, hypertension and visceral adiposity), these factors are clustered in the definition of Metabolic Syndrome (MS) as exemplified in Table 1 [3] . For this reason, NAFLD is considered as the liver manifestation of MS [1] . Moreover, the incidence of diabetes is high in subjects with a fatty liver, and type 2 diabetes mellitus (T2DM) is able to influence the natural history of NAFLD by facilitating the progression of fibrosis to cirrhosis and the onset of liver cancer [2, 5] . The prevalence of fatty liver increases to 80-90 % in diabetics and obese subjects. Considering the increasing prevalence of an 'unhealthy' lifestyle (increased diffusion of 'hyper-caloric' diet associated with low physical activity), the incidence of NAFLD and MS is continuing to rise, even in apparently healthy subjects [3, 4] .
While the natural history of simple steatosis is considered unremarkable, the presence of NASH and fibrosis is associated with the possible risk of developing cirrhosis or liver cancer and cardio-metabolic comorbidity (cardiovascular disease and onset of diabetes). Interestingly, cardiovascular complications are the leading cause of morbidity and mortality in NAFLD subjects [5] [6] [7] . Moreover, the presence of MS leads to an increased risk of T2DM and cardiovascular disease (CVD), leading these subjects to be a high-risk group for increased morbidity and allcause mortality with a shortened lifespan compared with the general population.
For these reasons, NAFLD subjects should now be considered as a 'risk population' for increased morbidity and mortality due to progressive liver disease or cardiovascular complications, independently from classical known risk factors. Moreover, fatty liver should be considered as a primary target for prevention of MS to reduce the possible burden of economic costs for health systems by 2020 [8] .
Elucidating the mechanism of progression of liver disease and the link with cardiometabolic risk is mandatory for improving therapeutic targets.
NALFD: the liver at the center
For several years fatty liver was considered as a 'silent bystander', but now the matter of debate is if fatty liver disease is a cause or a consequence of the clinical features of MS [9] [10] [11] [12] [13] .
The common connection between MS and NAFLD is abnormal lipid traffic and its consequences, such as visceral adiposity and insulin resistance [14] . The pathophysiology is very complex, and not yet clear [15] . The majority of patients are obese, elderly, sedentary, and have insulin resistance. However, despite the importance of obesity, sometimes even patients who have a normal weight may be insulin resistant, and be diagnosed with the syndrome. There are clinical conditions in which NAFLD seems to be independent from insulin resistance, i.e., HCV (genotype 3a) infection, drugs, and familial hypobetalipoproteinaemia [16, 20, 21] . Recently a large genome-wide association study (GWAS) describes a single-nucleotide polymorphism (SNP) rs738409 in the gene encoding patatin-like phospholipase domain-containing protein 3 (PNPLA3) as a major determinant of the natural history of NAFLD, [even in the absence of insulin resistance [17, 23] .
Besides PNPLA3, additional SNPs of genes implicated in NASH pathogenesis have been shown to influence liver damage and fibrosis progression in pediatric case-control studies. SNPs have been found in genes encoding for: the manganese superoxide dismutase (SOD2) regulating mitochondrial import and anti-oxidant activity [18] ; the transcription factor Kruppel-like factor 6 (KLF6) regulating metabolism in hepatocytes and fibro genesis in hepatic stellate cells [19] ; and the lipin-1 regulating the flux of free fatty acids between the adipose tissue and the liver whose expression is deregulated during steatosis [22] . Finally, there is a growing awareness that phenotypic expression of some genetic variants may be age-related. For example, a common variant (rs13412852) influencing the expression of lipin-1 is associated with lipid levels, NASH severity and hepatic fibrosis in children with NAFLD, whereas it influences body mass in adults of the same ethnicity [23] .
However, the reason why only a minority of fatty livers progress to more severe disease and develop cardiovascular and metabolic complication remains under debate. Looking at the pathophysiology, the models that explain the progression of liver damage can help to an understanding of the clinical scenario. For several years the elegant 'two-hit' model was widely accepted to explain the natural history of fatty liver disease [20] , The 'two-hit' hypothesis suggests a sequential model for explaining the liver damage supporting the axiom that fat deposition in the liver precedes inflammation. This model has recently been replaced by the ''multiple hits hypothesis,'' a parallel model in which inflammation may anticipate steatosis [28] . Within a parallel model, the gut, adipose tissue and innate immunity are the sources of multiple stimuli that exert influence on the adipokine and cytokine network.
Different mechanisms lead to the deposition of fat within the liver. Approaching the fat deposition from a biochemical point of view, the excess of FFAs within the liver increase insulin resistance, facilitating the onset of the stigmata of MS [29] . Hyperinsulinaemia, caused by insulin resistance, results in an increased hepatic de novo lipogenesis and impaired inhibition of adipose tissue lipolysis, that ultimately leads to an increased efflux of free fatty acids from the adipose tissue to the liver. The liver experiences an initial hepatic infiltration, and becomes extremely vulnerable to a series of hits that may follow, leading to hepatocyte injury and progression from simple steatosis to NASH and fibrosis. Such multiple pathogenesis factors may include oxidative damage, unregulated hepatocyte apoptosis, activation of the profibrogenic transforming growth factor (TGF)-beta pathway, deregulation of multiple adipokines and hepatic stellate cell activation [21] . An increased intestinal permeability in NAFLD patients may alter the gut-liver balance contributing to the activation of the inflammatory cascade in the liver, thus enhancing the progression of the disease to NASH [22, 23] .
Two main components of MS, glucose and triglycerides, are overproduced by the fatty liver, which seems therefore a key determinant of metabolic abnormalities.
Recent data regarding the fatty infiltration of the liver underlines a determinant role in: (1) the progression of liver damage to cirrhosis and liver cancer; (2) proinflammatory status, thus leading to the cluster of the cardiovascular and metabolic risk, a fingerprint of MS.
Besides genetic factors, the so called 'gut-liver-axis,' plays a major role among the environmental factors once involved in disease progression. NAFLD is associated with increased intestinal permeability (IP), and overgrowth of small bowel bacteria (SIBO) [22, 24] . In in vitro and animal models of NAFLD, increased IP, and alterations of gut microbiota have been shown to increase the exposure of the liver to gut-derived bacterial products [such as lipopolysaccharides (LPS)], which may cause low-grade endotoxemia in the portal system [24] . Both IP and the prevalence of SIBO appear to be correlated with the severity of steatosis [25] . Bacterial products belong to distinct classes of endogenous signals, triggering the host immune response by the activation of Toll-Like Receptors (TLRs) [26] . In NASH patients, even low blood levels of endotoxemia can activate TLRs pathways in the liver. TLRs are expressed in the liver in von-Kupffer cells, biliary epithelial cells, hepatocytes, hepatic stellate cells (HSC), epithelial cells and dendritic cells of the liver [24] . While immune cell recruitment exerts a containment action against pathogens, it can also result in host tissue damage through cytokines, such as TNF-a, which mediate the inflammatory responses. A wide range of data demonstrate that LPS is elevated in experimental models of hepatic fibrosis and in patients with cirrhosis [25, 26] . There is evidence that alterations of the intestinal microbiota, and a failure of the intestinal mucosal barrier, cause increases in bacterial translocation and LPS levels, especially in the later stages of hepatic fibrosis and cirrhosis [27, 29] .
Recent studies on mice models demonstrate the crucial role for the LPS-TLR4 pathway in hepatic fibrogenesis. Modulating intestinal microflora and consequent endotoxemia levels through the use of probiotics and selective intestinal decontamination may open new ways to avoid NAFLD complications with hepatic fibrosis, cirrhosis and HCC. Therefore, it is conceivable that probiotics administration to such patients can reset the ''leaky gut'' of NAFLD patients, offering an interesting approach to counteract liver damage in NAFLD [30] .
Fatty liver is commonly associated with obesity and insulin resistance, which are two of the main features of MS [31] . Similarly to NAFLD, MS is triggered by a combination of genetics and environmental factors, such as excess caloric intake and sedentary lifestyle. A central role in the MS pathogenesis is played by insulin resistance [32] . Insulin resistance is principally due to accumulation of excessive fat in ectopic tissues, such as liver, interfering with the normal insulin signaling pathway. The consequence is the reduction in glucose transformation to glycogen, and increased lipid accumulation in triglycerides. Although not part of the diagnostic criteria for MS, NAFLD is considered one of the main pathophysiological conditions associated with it. A study recently conducted in China on a quite large population, aimed at further exploring the relationship between NAFLD and MS, and evaluates the value of NAFLD as a marker for predicting the risk of MS in a prospective cohort from a large urban population. In an adjusted model for confounding factors, such as age, metabolic factors, smoke and exercise, the Hazard Ratios [HRs (95 % CIs)] of NAFLD for predicting MS are 2.06 (1.72, 2.46) and 1.55 (1.39, 1.72) in female and male populations, respectively. The authors conclude that NAFLD is an independent risk factor for predicting the risk of MS, and the patients with NAFLD should initiate weight and dietary control to prevent the occurrence of MS [33] . This finding corroborates the central role of insulin resistance in the pathogenesis of MS, enhanced by the coexistence of fatty liver [34] . The presence of obesity among the main clinical features of both NAFLD and MS closely parallels these conditions [35] . There are abundant data showing a relationship between obesity and NAFLD [35] [36] [37] [38] . An Italian study evaluated the risk factors associated with hepatic steatosis. A total of 257 participants were enrolled. Compared with controls, steatosis is more common by 2.8-fold in heavy drinkers, 4.6-fold in obese persons and 5.8-fold in obese heavy drinkers. In heavy drinkers, obesity increases the risk of steatosis twofold, while heavy drinking is associated with only a onefold increased risk in obese subjects [39] . The authors conclude that steatosis is more strongly associated with obesity than with heavy drinking.
However, evidence of an etiologic association between NAFLD and MS has also been shown in non-obese patients Intern Emerg Med (2016) 11:3-10 5 [40] . Patients with NASH, even when non-obese, are more insulin resistant than patients with fatty liver alone [41] . It is hypothesized that liver damage itself leads to chronic hyperinsulinemia and insulin resistance from impaired insulin degradation, as it is seen in cirrhosis. Several large population studies have highlighted the clinical implications of additional factors in MS pathogenesis, such as the immune system, dysregulation of the hypothalamic-pituitary-adrenal axis, increases in cellular oxidative stress, and renin-angiotensin-aldosterone system activity [42] . A proinflammatory and prothrombotic state has been widely described in MS, and derives largely from the secretory activity of adipose tissue, particularly intraabdominal or visceral fat. Contrary to the former concept of fat as an inert tissue mass, adipocytes are increasingly being recognized as secretory entities. Cytokines and other inflammatory markers or signaling molecules released by adipocytes contribute to onset of insulin resistance and thrombotic state [43] .
This continuous, low-grade pro-inflammatory and thrombotic environment is shared by both NAFLD and MS. In both conditions visceral adipose tissue participates in producing most adipokines, which are involved in inducing insulin resistance and low-grade inflammation. Leptin is a satiety adipokine, produced predominantly in adipocytes, which regulates appetite and metabolism at the level of the hypothalamus [44] . Most obese humans have high circulating levels of leptin, as a result of what has been characterized as leptin resistance. This phenomenon of leptin resistance may already be present in obese children. Adiponectin is an adipose-specific hormone that has anti-inflammatory and insulin-sensitizing properties [45] . Observational studies have shown an inverse correlation between plasma adiponectin concentrations and adiposity, insulin resistance and hepatic fat [43] [44] [45] . Resistin is another adipokine that antagonizes insulin action, causing glucose intolerance, resistin-deficient animals are protected from obesity, whereas an elevated resistin level is associated with insulin resistance [46] . Both TNF-alpha and IL-6 are positively related to adiposity, and correlate with insulin resistance and CVD risk factors [47] .
The pro-inflammatory cytokines tumor necrosis factor-a (TNF-a) and interleukin-6 (IL-6) are critically involved in the pathophysiology of NAFLD. More advanced fibrosis is accompanied by increased TNF-a expression, and IL-6 is among the first cytokines to be implicated as a predictor and pathogenetic marker of insulin resistance [48, 49] . The progression from simple steatosis through NASH remains controversial. While some authors believe them to be independent conditions, more recent data suggest a direct progression from steatosis to NASH as predicted by the two-hit theory. [50] .
Since food pattern and behaviour may influence microbiota, several nutrients have been indicated as beneficial for NAFLD. Coffee consumption represent a good example. Because of its impact on the pro-inflammatory state, the role of coffee consumption has been explored both in NAFLD and MS (Table 2 ) [60] . Coffee supplementation attenuates the expected onset of an adverse metabolic pattern in animals fed high-fat diets [52, 53] .
Similarly, other studies demonstrate that coffee improves fatty liver infiltration in animal models of NAFLD [54] . Potential biological mechanisms underlying the benefits of coffee on NAFLD include: anti-oxidation, inhibiting hepatic stellate cells and the expression of connective tissue growth factor, and lowering serum levels of aminotransferases [51] . It has also been hypothesized that the regulative effect of coffee consumption on the gut microbiota may potentially contribute to reducing the risk of NAFLD. The bioactive coffee components seem to be able to modulate gut microbiota in the sense of conferring a beneficial effect to it (increasing Bifidobacterium spp. Population [55] , increasing the ratio between Firmicutes and Bacteroidetes [56] ). This finding well introduces the fundamental role of gut microbiota in modifying the metabolic profiles of each individual. On the other hand, tobacco exposure may facilitate the progression of NAFLD.
It is now well-recognized in humans that changes in microbiota composition, termed dysbiosis, are strongly associated with the development of both obesity and NAFLD [57, 58] . Modifications in gut flora metabolism can be strongly influenced by diet. The ingestion of foods that are higher in refined sugar and fats can cause dysbiosis and an overwhelming presence of gut-derived microbial products, therefore activating the innate immunity and the inflammation cascade when IP is impaired. Obesity is associated with specific changes in gut microbiota composition. The mechanisms underlying the association of specific gut microbiota and metabolic disease include increasing energy harvest from the diet, changes in host gene expression, energy expenditure and storage, and alterations in gut permeability leading to metabolic endotoxemia, inflammation and insulin resistance. In some studies, the modifications of gut microbiota induced by antibiotics, prebiotics and probiotics lead to improved inflammatory activity in parallel with the amelioration of insulin sensitivity and decreased adiposity [59] .
In mice models of genetic dyslipidemia (Apo-E deficient mice), destrane sulfhate sodium (DSS)-induced intestinal inflammation and consequent increased intestinal permeability (IP) are able to trigger the transition of steatosis to NASH, and how these disorders are efficiently prevented by a therapeutic intervention with a mixture of probiotics [60] . Similar results are also obtained in animal models of high-fat diet-induced liver disease that is attenuated by probiotic treatment [61] . Performing interventions on intestinal microbiota modulates the expression of nuclear receptors, correcting insulin resistance in the liver and the adipose tissues.
An increasing number of human studies have supported a link between certain gut microbiota signatures and obesity-related disorders [62] [63] [64] . However, it is still not fully understood how microbiota interact with the human body, and, consequently, how they affect metabolic homeostasis. One of the most important crosstalk between gut microbiota and humans is recognized as the above mentioned 'endotoxaemia' within NAFLD, characterized by elevated circulating lipopolysaccharide (LPS). In a recent study performed on NAFLD children, our research group shows that LPS blood level is increased in these patients, and that it is significantly higher in those with a more severe stage of liver disease [65] . Moreover, intravenous infusion of LPS in an acute human experimental study induces systemic insulin resistance and elevation of inflammatory markers in adipose tissue [66] . Lipopolysaccharide binding protein (LBP), mainly synthesized in the liver, is able to specifically bind to and monomerise exogenous LPS, enabling the endotoxin to be recognized by Toll-like receptor 4 (TLR4) and cluster of differentiation 14 (CD14), which are responsible for consequent innate immunity [67] . Circulating LBP levels have been used as a variable to assess endotoxaemia status and its immune responses [68] . In a case-control study by Liu et al., increased plasma LBP is associated with a higher prevalence of MS and type 2 diabetes, but these associations are considerably attenuated when controlling for inflammatory markers [69] . This suggests that gut microbiota might lead to human metabolic abnormalities by triggering chronic inflammation through LPS invasion [70] . On the other hand, the components of MS, such as hypertriacylglycerolaemia, hyperglycaemia and hyperinsulinaemia, are hypothesized to contribute to endotoxaemia through altering jejunal motility and gastrointestinal transit time, conditions that may favor bacterial overgrowth, and leak endotoxins into the intestinal mucosa [71] . This might also explain the increased prevalence of SIBO in NAFLD patients, as reported by our group [25] . Other studies also find that obese individuals have significantly higher LBP levels compared with their normal-weight counterparts [72] . Moreover, a recent study from Spain reports a significant correlation between gene expressions of LBP and gene expressions related to inflammation and insulin resistance in adipose tissue [73] . Hence, adiposity may play a role in the putative endotoxaemia-metabolic axis. A recent Chinese study has investigated the association between plasma LBP and the 6-year incidence of MS, and the potential modification effects of obesity status on the LBP-MS association in adults. The authors conclude that elevated plasma LBP is positively associated with 6-year MS incidence, especially among normal-weight individuals [74] . This finding supports the hypothesis that an increased IP and a mild degree subsequent endotoxemia are involved both in MS and fatty liver disease pathogenesis, and might link them together. 
Summary and conclusions
Various basic and clinical studies have reported that NAFLD appears to be linked with MS and its components, and that the presence of a fatty liver may accelerate the onset of the main cardiovascular and systemic co-morbidities. Insulin resistance, proinflammatory cytokines, dysbiosis and altered intestinal permeability and motility may outline the so called ''metabolic-liver-disease,'' where the ''borders'' defining one disease or another become poorly identifiable (Fig. 1 ) [75] . NAFLD appears central in this pathological entity, and may be the warning thunder before the metabolic rain starts.
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